1. Introduction
===============

Lysergic acid diethylamide (LSD) is a well-known psychoactive substance that is once again the subject of intense research efforts, after previous efforts in the 1970s were abandoned when it was classified as a narcotic.^\[[@R1]--[@R4]\]^ The safety of the molecule warrants evaluation in view of its use as an adjunct to psychotherapy. The available literature data derived from controlled studies or usage in a medical setting seem reassuring; however the medicolegal literature contains rare cases of accidental death associated with LSD exposure and very rare cases of self-inflicted injuries that were fatal. We report the first case of a lacerating penetrating neck injury and discuss the self-inflicted nature of the injury and also the role of acute exposure to LSD in the self-aggressive act.

2. Case presentation
====================

The body of a 26-year-old man with large neck wounds was discovered at his grandfather\'s locked house at 8.30 am. The criminal investigation technicians noted the presence of blood on the floor and on the walls, and a knife with a blade 10 cm long and 1.5 cm wide, double-edged with one smooth edge and one serrated edge, and a sharp tip (Fig. [1](#F1){ref-type="fig"}). The time of death as estimated by the forensic medical examiner was 4 am on the same day. The autopsy performed 7 hours after the discovery of the body found 1 wound to the face and 5 straight neck wounds inflicted by a cutting instrument, with wounds being linked. Two of the neck wounds were particularly lacerated (Fig. [2](#F2){ref-type="fig"}); one of them was fatal via sectioning of the right internal carotid artery and right common facial vein. Exploration of the neck also showed, in addition to muscle wounds, wounds to the oropharynx and incomplete section of the right transverse process of the first cervical vertebra.

![Knife found in the immediate vicinity of the body.](medi-99-e20868-g001){#F1}

![Large neck wounds presenting muscle wounds, wounds to the oropharynx, and incomplete section of the right transverse process of the first cervical vertebra.](medi-99-e20868-g002){#F2}

Full toxicological analyses were performed. Ethanol was found at a concentration of 0.88 g/L in blood. The LSD and its metabolites (Nor-LSD and O-H-LSD) were quantified using a specific and sensitive LC-MS/MS method. In blood, LSD and O-H-LSD were found at concentrations of 1460 and 182 ng/L respectively. In urine, the concentrations of LSD, nor-LSD, and O-H-LSD were 3670, 201, and 4890 ng/L respectively.

There is no reported medical history other than recreational use of alcohol and narcotics. There is no history of psychotic disease and his behavior was described as normal up to 11 pm by his father, with whom he had exchanged some text messages. The inquiry revealed that on his request, his father had provided to him the day before a dropper bottle containing a liquid, which was shown by the toxicology analysis to be LSD at a concentration of 2 mg/mL. The entirety of the other investigations carried out (including telephone audio recordings) did not demonstrate the presence of a third party at the place of death. The responsibility of the grandfather, the only other person present at the location, was ruled out. Taken together, these elements led to the conclusion that the injuries were self-inflicted in the context of acute exposure to LSD.

3. Discussion and conclusion
============================

We report here the first case of a fatal self-inflicted neck injury with a cutting instrument in the context of acute exposure to LSD in a patient with no known psychiatric history or suicidal symptoms at the time of the self-aggressive act. Given the resurgence of interest in the therapeutic use of LSD, this observation should be taken into account, even if the literature has not provided evidence of a link between suicidal risk and acute or chronic LSD exposure.

LSD was synthesized for the first time in 1938. Initially, there were no obvious therapeutic applications. After Hofmann accidentally discovered its psychoactive properties,^\[[@R5]\]^ recreational use became quite widespread in the 1960s, and it was used for medical purposes in psychiatry, until it was classified as a narcotic in 1971 owing to its adverse events.^\[[@R6]\]^ Like other hallucinogens, the frequency of experimentation with LSD remains stable at a low level (1.7% of people aged 18--64 years in France between 2000 and 2010, vs 3.1% for hallucinogenic mushrooms),^\[[@R7]\]^ although there are significant differences between countries (10.2% in the United States of America).^\[[@R4]\]^ In parallel with illicit use, current medical research also seems to be turning its attention to LSD once again,^\[[@R3]\]^ notably as an adjunct to psychotherapy.^\[[@R1],[@R2]\]^ This accounts for recent work looking at its pharmacology,^\[[@R8],[@R9]\]^ techniques for quantifying the molecule and its metabolites,^\[[@R10]\]^ and its safety.^\[[@R3],[@R11]\]^ The resurgence of interest in the molecule provides the impetus for study into the adverse events associated with acute or chronic exposure to LSD, and here, medicolegal analysis of deaths provides information beyond that obtained during controlled administration of the substance in research settings.^\[[@R12]\]^ The medicolegal contribution to the study of the epidemiology of adverse events following LSD exposure is essentially the analysis of the causes of and circumstances surrounding death. Two situations present themselves: "direct" LSD toxicity (intoxication causing death) and "indirect" toxicity, in which the substance creates the conditions conducive to death, notably behavioral disorders (intoxication as a circumstance of death).

In relation to direct toxicity, Nichols and Grob^\[[@R13]\]^ consider that the published cases of death are insufficient to establish a link between LSD exposure and death. Apart from the issue of the pertinence of postmortem blood concentrations in determining cause of death, which today seems highly questionable,^\[[@R14]\]^ analysis of these cases shows that the deaths reported in the literature occurred in subjects questioned by the police and placed in the prone maximum restraint (PMR) position. Given that the circumstances could have played a crucial role in causing death, the authors consequently concluded that there are no reported cases of bad LSD trips leading to fatality, instead putting forward the hypothesis that PMR can lead to fatality in people having a bad LSD trip, which is a significant nuance.

In relation to indirect toxicity linked to LSD-induced behavioral disorders, 2 situations can be envisaged. The first is impairment of the subject\'s perception of reality, with death not being directly related to the substance. This was the mechanism in 5 cases of people jumping from a height (one of which followed exposure to lysergamide, a non-alkylated amide-analog of LSD),^\[[@R15]--[@R17]\]^ and 2 cases of drowning.^\[[@R18]\]^ The jumps were attributed to a sensation of weightlessness giving the subject the impression of being able to fly.

The second situation concerns self-inflicted injuries, which are possibly fatal. The issue is then whether LSD exposure leads to such behavior. Liechti^\[[@R3]\]^ observed that in healthy subjects, the LSD experience was not dominated by unpleasant psychosis-like phenomena but rather characterized by an overall positive mood state in the majority of subjects. Subjects were described as more distant from reality and happy after administration of 200 μg LSD, whereas ratings of anxiety and paranoid thinking did not increase. In other words, acute exposure does not seem to bring about symptoms conducive to aggressive acts, including self-aggressive acts. With regard to chronic exposure, Hendricks et al^\[[@R4]\]^ showed, on the basis of a study in 190,000 adult American subjects, that lifetime classic psychedelic use was associated with significantly reduced odds of past-month psychological distress, past-year suicidal thinking, past-year suicidal planning, and past-year suicide attempt.

The literature contains 4 cases of severe self-inflicted injuries associated with LSD exposure: 3 enucleations and 1 emasculation. Yet the role of LSD in these 4 cases warrants discussion. In the case of enucleation reported by Tuwir,^\[[@R19]\]^ the blood and urine toxicology analysis demonstrated the presence of amphetamine, but presence of LSD was not sought; therefore this case is insufficiently documented in toxicology terms. The 2 cases of enucleation reported by Rosen and Hoffman^\[[@R20]\]^ concern 2 young psychotic patients who developed a mystical delusion and intense feelings of guilt after sexual intercourse, with mutilation presented as a redemptive sacrifice. In these cases, the contribution of mental illness to the self-aggressive act is substantial, and one cannot attribute the act exclusively to LSD exposure. Only the case reported by Blacha et al^\[[@R21]\]^ appears to be of real interest, in that it concerns manual amputation of both testes after first use of LSD in combination with alcohol consumption in a 32-year-old man with no psychiatric history and whose follow-up examination 6 months after the event did not reveal the development of a psychiatric disorder.

Hence, cases of severe self-inflicted injuries associated with documented LSD exposure are very rare after psychotic disorders are excluded. Recent works seem to show that acute or chronic LSD exposure does not carry a risk of a self-aggressive act. In our case, the cause of death is, without a shadow of a doubt, the penetrating neck injury that damaged blood vessels. Therefore, LSD exposure cannot be put forward as directly responsible for the death. Rather the issue is whether it created conditions conducive to the self-aggressive act.

To answer this question, first and foremost it is necessary to establish the self-inflicted nature of the injuries. Fatal penetrating neck injuries are relatively rare, and generally result from vascular injury.^\[[@R22]\]^ Cases of suicide by neck wounding are also rare, but regularly described in the medicolegal literature.^\[[@R23]--[@R26]\]^ Several publications have addressed the issue of determining the suicidal or homicidal nature of injuries caused by a cutting instrument. Although morphological criteria can lend support to suicide (accessibility, symmetry, etc), they do not provide definitive evidence. Thus, Krywanczyk and Shapiro^\[[@R27]\]^ consider that no characteristics of blade wounds are definitive for homicide or suicide. History and the circumstances of the scene are thus crucial in determining the manner of death. In our case, the neck wounds were significant and deep, which is why a criminal hypothesis was initially favored. Nevertheless, from a strictly medicolegal viewpoint: the damaged area was accessible to a right-handed subject; "hesitation" wounds were observed peripheral to the wounds; no defensive injuries were demonstrated in the upper limbs. In terms of feasibility, the subject could have self-inflicted these injuries up to the moment he sectioned his right internal carotid artery. Moreover, none of the investigations carried out as part of this particularly in-depth inquiry have demonstrated the presence of a third party on the premises. These elements lead us to conclude that the injuries were self-inflicted.

With regard to the mechanism underlying the act, it has been shown that mental illness plays a major role in explaining suicides with a bladed weapon. In the series published by Badger et al,^\[[@R28]\]^ 98% of the subjects met the criteria for a formal psychiatric diagnosis with 89% necessitating inpatient or outpatient psychiatric assistance at discharge. In our case, review of the subject\'s medical record did not find any evidence in favor of a mental disorder or psychiatric history. The inquiry showed that the subject\'s mental state in the hours preceding his death was normal, on the basis of the exchanges with his father via text messages. There are therefore no grounds for evoking suicidal symptomatology at the time of the events. The hypothesis of the influence of a psychoactive substance therefore deserves consideration. The influence of ethanol, at this concentration and considering the subject\'s consumption habits, can be excluded. The blood and urine toxicology analysis only demonstrated the presence of LSD, which was obviously consumed from the dropper bottle discovered on the premises. Given that the complete and efficient toxicology analysis (liquid chromatography tandem-mass spectrometry and liquid chromatography-high resolution mass spectrometry) showed absence of any other psychoactive substances, it seems reasonable to consider the influence of LSD. The above-mentioned literature did not find any association between acute and chronic exposure to LSD and an elevated risk of suicide, a finding which does not contradict our observation. One must distinguish between suicide and a self-aggressive act that may be devoid of suicidal intent and that may constitute a maladaptive or irrational response to the psychiatric manifestations induced by the substance.
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